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(54) Position determining apparatus for coordinate positioning machine 

(57) Described is a device which enables toolsetting 
on a machine tool. The device includes a light ennitting 
unit (10) and a light detecting unit (14) . A light source 
(30) causes a light beam (12) to propagate from the 
emitting unit (10) to the detecting unit (14). A light detec- 
tor (40) detects the presence or absence of the beam. A 
trigger signal is produced when occlusion occurs and so 
the position of an object can be determined by refer- 
ence to the machine's coordinate readings. The beam 
(12) may be uncollimated and thus provide a device with 
an easier set-up and a greater resistance to vibration in 
use. The light detector (40) and/or light source may be 
protected from contamination by windows (34,44) or a 
protector having an aperture therein. The light emitting 
and detecting units each have an aperture for the light 
beam. The apertures may be oblique conduits (104) for 
pressurised air flow, thereby keeping the conduits free 
from contamination, while minimising turbulence in the 
path of the beam which could cause noise in the result- 
ing signal. 
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Description 

[0001] The present invention relates to an appara- 
tus which enables a coordinate positioning nnachine 
(such as a machine toot) to determine the position of an 
object relative to a reference point. It may, for example, 
be employed on a machine tool for toolsetting opera- 
tions. 

[0002] A known tool setting device for use on a 
machine tool includes a light source which generates a 
fine beam of light which is incident upon a detector. Dur- 
ing a toolsetting operation, the machine is operated to 
move the tool in a direction transverse to the direction of 
propagation of the light beam until a part of the tool 
interrupts passage of the light beam. Detection of this 
interruption results in the generation of a trigger signal 
in the detecting unit, which is used by the machine to 
establish the relative position of its moving parts in order 
to determine dimensions of the took Such devices are 
known, for example, from German Patent Nos. DE 42 
385 04 and DE 42 448 69, French Patent No. 2,343,555, 
European Patent No. 98,930 and US Patent No. 
4,518,257. The devices may be used additionally for 
measuring the length or diameter of a tool to monitor 
tool breakage or wear. 

[0003] The devices disclosed in the above-men- 
tioned patent specifications use a narrow light beam 
into or through which the tool is passed. The detection 
units detect when the tool breaks into the beam from the 
resulting drop in the intensity of the light falling on them. 
[0004] The accuracy with which these devices can 
measure tool position is dependent on the diameter of 
the laser beam, the smaller the diameter the more accu- 
rate the measurement. 

[0005] For example, French Patent No. 2,343,555 
describes a system in which the laser produces a 
coherent beam the diameter of which is of the order of 
0.7 to 0.8mm. European Patent No. 98,930 proposes 
the use of a laser tight source because lasers supply a 
sharply defined light beam for high measurement accu- 
racy. US Patent No. 4,518,257 describes a system in 
which the laser beam is focused to a small examination 
zone at which all measurements are made. 
[0006] One problem with all of these devices is that 
the smaller the laser beam, the more difficult is the task 
of aligning the laser beam with the detector system. 
[0007] Another problem with the prior art systems 
exemplified in European Patent No. 98,930 is that the 
optical system has to be kept clean to avoid build up of 
contaminants on the optical components which can 
reduce the intensity of light received by the receiver and 
cause the signal from the detector to be emitted early. 
This is particularly so in the case of devices which rely 
on the reduction in intensity produced by the smallest 
obstruction of the beam to produce a measurement sig- 
nal. 

[0008] European Patent No. 98,930 describes two 
methods of keeping the optical system clean, one of 



which involves directing an air blast at the external glass 
faces of the housings of the emitter and receiver, the 
other of which involves the use of movable mechanical 
shutter. These methods require the provision of addi- 

5 tional cost and complexity to the devices. 

[0009] A problem with a focused system, as in US 
Patent No. 4,51 8,257, is that the tool can only be meas- 
ured in the small examination zone. Unfocused systems 
do not suffer from this problem, but the beam must be 

10 accurately aligned with an axis of travel of the machine 
tool to permit accurate measurements anywhere along 
the beam path. Prior unfocused systems have been 
awkward to align, because each time an adjustment is 
made to the direction of the beam path, the position of 

15 the beam must be checked at two different positions 
along the path, followed by further adjustment as neces- 
sary. 

[0010] The present invention provides alternative 
devices which are suitable for toolsetting on a machine 

20 tool (or other applications on other coordinate position- 
ing machines). The devices include a number of techni- 
cal aspects in which they differ from the prior art devices 
discussed above and which enable various ones of the 
problems which arise with those prior art devices to be 

25 eliminated or reduced. 

[0011] According to a first aspect of the present 
invention there is provided a position determination 
device for a machine utilising coordinate positioning, the 
device comprising a light emitting unit and a light detect- 

30 ing unit, the light emitting unit having a housing within 
which a light source is housed for emitting a light beam 
which in use propagates towards the light detecting unit 
which in turn includes a housing having a light channel 
located in register with the light beam, and a light 

35 detecting device located substantially in register with 
the light channel thereby to detect the light beam prop- 
agating from the light emitting unit, characterised in that 
the light beam is unco Hi mated such that the size of the 
resultant spot formed on the detecting unit is substan- 

40 tially larger than the tight channel at the light detecting 
unit. 

[0012] The light emitting unit may have a light chan- 
nel also and the or each light channel may be an aper- 
ture. Where the light channel is an aperture, one or both 

45 of the housings may include this aperture in the form of 
a conduit through which pressurised air supplied to the 
housings may pass from the interior of the housing to 
the exterior. In a preferred embodiment of this aspect of 
the invention the conduit extends transverse or 

50 obliquely to the direction of propagation of the light 
beam between an interior and an exterior aperture of 
the housing. Also preferably the interior and exterior 
apertures overlap to the extent that light may pass 
through the conduit so that the conduit also forms the 

55 aperture through which the light beam leaves or enters 
the respective housing. 

[0013] Thus the housings of the light emitting 
and/or detecting units are constructed amongst other 
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things for the purpose of preventing ingress of dirt or 
contaminants. 

[0014] The light channels are formed from any light 
transmissive medium surrounded by a non-transmissive 
medium, e.g. an aperture or window in a non-transmis- 
sive materia!. 

[0015] Such a channel has preferably a cross-sec- 
tional area of O.Smm^ or less. More preferably a channel 
has at its narrowest point a cross-sectional area In the 
range of 0.02mm^ to 0.8mm^. Where a channel is 
approximately circular such areas would provide a 
diameter between 50 microns and 1mm, Small aper- 
tures of this size are often referred to as pinholes. 
[0016] According to a second aspect of the present 
invention there is provided a position determination 
device for a machine utilising coordinate positioning, the 
device comprising a light emitting unit and a light detect- 
ing unit, the light emitting unit having a housing within 
which a light source is situated for emitting a light beam 
which in use propagates towards the light detecting unit 
which in turn includes a housing to detect the tight beam 
propagating from the light emitting unit, characterised in 
that one or both of the housings include a light channel 
for the beam in the form of a conduit through which 
pressurised air in use supplied to the or each housing 
may pass from the interior of the housing(s) to the exte- 
rior thereof. 

[0017] Preferably the conduit extends transversely 
or obliquely to the general direction of propagation of 
the light beam. 

[0018] According to a third aspect of the present 
invention a device which enables determination of posi- 
tion of an object on a coordinate positioning machine 
includes a light emitting unit and a detecting unit, the 
light emitting unit having a housing within which a light 
source is situated, the housing having a first light chan- 
nel through which a beam of light from the light source 
passes, and which propagates towards the light detect- 
ing unit which in turn includes a housing having a sec- 
ond tight channel located in register with the light beam, 
and a light detecting device located substantially in reg- 
ister with the light channels thereby to detect the light 
beam propagating from the light emitting unit, wherein 
the light beam is uncollimated and the detecting unit is 
arranged to emit a trigger signal when the light level it 
receives has fallen to one half of that which it receives 
when the beam is not occluded. 

[0019] A fourth aspect of the present invention pro- 
vides a device which enables determination of position 
of an object on a coordinate positioning machine, 
including a light emitting unit and a detecting unit, the 
light emitting unit including a light source and an 
adjuster for adjusting the angle of a light beam pro- 
duced by the light source, characterised in that the 
adjuster has associated therewith a common centre 
point, located between the light emitting unit and the 
detecting unit, that the adjuster directs the light beam 
through said centre point, and that when the alignment 
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of the beam is adjusted by the adjuster the beam contin- 
ues to pass through said centre point. This may be 
achieved by providing the adjuster with a curved bear- 
ing surface, preferably a spherical bearing surface, cen- 

5 tred on said common point. 

[0020] In this fourth aspect of the invention, the 
alignment of the beam may be simplified since it is no 
longer necessary to measure the position of the beam 
repeatedly at two different points along the beam path. 

10 Rather, a measurement can be made just once at the 
common centre point, followed by repeated measure- 
ments after each adjustment at another single point 
along the path. 

[0021] Embodiments of the invention will now be 
15 described, by way of example, and with reference to the 
accompanying drawings, in which: 

Fig 1 is a perspective view of a first embodiment of 
the present invention; 
20 Fig 2 is a schematic illustration of aspects of the 
embodiment of Fig 1 ; 

Rg 3 is a detail of a modification of the embodiment 
of Figs 1-2; 

Rgs 4a-c are details of Fig 3; 
25 Rg 5 is a detail of the detecting unit of Figs 1 and 2 
falling within the ambit of a different aspect of the 
invention; 

Rgs 6a and b are signal diagrams illustrating the 
operation of the detector of Fig 5; 
30 Rg 7 is a block diagram of part of the electronic cir- 
cuitry of the detecting unit of Figs 1 and 2 falling 
within the ambit of the different aspect of the inven- 
tion; 

Figs 8a, 8b and 8c are graphs showing steps in the 
35 set-up procedure; 

Fig 9 is a flow diagram illustrating the switch-on rou- 
tines; 

Rg 10 is an illustration of the noise on the output of 
the detector; 

40 Fig 1 1 is a circuit diagram for a refinement of the 
invention; 

Fig 12 is a vertical section of a light emitting unit of 
another aspect of the present invention; 
Rg 13 is a section on the line XIII-XIII in Fig 12; and 
45 Rg 14 is a schematic illustration of a method of 
beam alignment using the other aspect shown in 
Rgs 12 and 13. 

[0022] Referring now to Fig 1 , a toolsetting appara- 
50 tus which is suitable for use on, for example, a machine 
tool includes a fight emitting unit 10 which emits a beam 
12 of light, and a light detecting unit 14, where the light 
beam 1 2 is detected. Power and signal control cables to 
the light emitting and detecting units 10,14 are routed 
55 via inlet ports 16, and both the units 10,14 are advanta- 
geously mounted, via pillars 18, on the base of the 
machine, either via an intermediate base 20, to which 
they are both mounted, or directly to the base of the 
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machine upon which they are to be ennployed. 
[0023] In operation, the device is used for tootset- 
ting by operating the machine on which the device is 
mounted to move the tool in a direction transverse to the 
direction in which the beam 12 is propagating. When a 
predetermined level of occlusion of the beam has been 
established, the detecting unit 14 emits a trigger signal 
which is used by the machine to determine the relative 
position of its relatively movable parts, thereby to enable 
dimensions of the tool to be determined. The generation 
of the trigger signal is described below. 
[0024] Referring now additionally to Fig 2, the light 
emitting unit 10 comprises a laser diode 30 which gen- 
erates the beam 12. The beam 12 passes through a 
light channel, in this case an aperture 22 provided by a 
screen 32, and subsequently through a translucent or 
transparent window 34 provided within the housing 36 
of the light emitting unit. The beam 12, being laser light, 
is substantially parallel, but is typically divergent at a 
small angle, unless collimated. In the present example, 
the beam is deliberately uncollimated, and allowed to 
diverge. 

[0025] The light detecting unit includes a photode- 
tecting diode 40, placed in register with an aperture 24 
provided within a screen 42, which is in turn mounted 
behind a translucent window 44 within the housing 46 of 
the unit 14. By the time the beam 12 has propagated 
from the light emitting unit 10, and is incident upon the 
window 44, the spot created by its incidence is substan- 
tially larger than the aperture 22 within the screen 42. 
Typically, over a distance of one metre between the light 
emitting unit 1 0 and the light detecting unit 1 4, the beam 
diameter will be of the order of 4mm at the detecting unit 
14, whereas the aperture 24 within the screen 42 might 
be of the order of 300 microns or less. 
[0026] The screens 32/42 may be a coating on win- 
dows 34/44 e.g. a chromium coating or may be an 
etched surface on the window. 

[0027] In order to ensure that both windows 34 and 
44 have an outer surface which is free from contami- 
nants, both windows are subjected to an air blast. High- 
pressure air is supplied to the emitting and detecting 
units 10,14 via Inlet ports 60,62 respectively, and is 
directed onto the surface of the window via mushroom 
members 70. 

[0028] Referring now to Figs 3 and 4, in an alterna- 
tive embodiment, either or both windows 34,44 are posi- 
tioned behind a further screen 1 00. Air is supplied to the 
chamber 102 formed between the windows 34,44 and 
the screen 100 at pressure e.g. 1.5 bar, and bleeds out 
of the chamber 102 via a conduit 104 within the screen 
100. In this case conduit 104 forms a light channel and 
is configured such that it extends in a direction trans- 
verse or obliquely to the direction of propagation of the 
beam 1 2, (e.g. at 1 0-20° to the general direction of prop- 
agation of beam 12) and therefore the resultant airflow 
has minimal effect upon the beam propagation. (If the 
conduit were parallel to the beam, then turbulence 
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along the path of the beam could affect the accuracy of 
measurement.) The beam 12 passes through the con- 
duit 1 04 by virtue of the inner 1 1 0 and outer 1 1 2 aper- 
tures thereof lying fractionally in register with each 

5 other, as can be seen more readily in the front elevation 
and perspective views of Fig 4a and 4b respectively, 
and the sectional view of Fig 4c. 
[0029] The conduit 1 04 may of course be parallel to 
the beam 12. A similar conduit 104 may be formed at 

10 the detector unit 14 as well as or instead of at the emit- 
ter unit 12. Typically this or these conduits are a pinhole 
extending at IS** to the general direction of propagation 
of the beam 12 and is/are 1mm or less in diameter or 
0.8mm^ in cross -sectional area or less. If the pinhole is 

15 inclined its effective cross-sectional area will be less, 
and it will present a non-circular cross-section to light 
travelling therethrough. 

[0030] Apertures 22 or 24 may be smaller in diame- 
ter than the conduit 1 04 and may be omitted altogether. 

20 Figs 4 show a fine beam 12 propagating through con- 
duit 104 without touching the sides. In this case aper- 
ture 22 will have a smaller diameter than the conduit 
1 04. If an aperture 22/24 is included it will have a cross- 
sectional area of 0.8mm^ or less. 

25 [0031] The embodiments described previously all 
employ a light channel which is relatively small in cross- 
sectional area e.g. O.Smm^ or less. The small area 
allows a fine beam which gives improved position deter- 
mination accuracy when an object occludes the beam. 

30 The use of a divergent beam does not detract from this 
accuracy provided a light channel of small area is used 
at, at least the detector. Accuracy is maintained in such 
an arrangement because the detector will then only 
"see" a column of light from the light source and not the 

35 remaining divergent beam. As a consequence of this, 
only this column is detected by the light detector and the 
remaining divergent light is ignored. Using divergent 
light has the advantage that the detector does not have 
to be exactly in line with the emitter. Slight misalignment 

40 is possible as is slight vibration. The detector will in 
these circumstances still see a narrow column of light 
which can be monitored. 

[0032] Referring now to Fig 5, the detecting unit 14 
has a light detector 200 (equivalent to detector 40 in 

45 previous Figures) which comprises a circular photodi- 
ode 210 concentrically mounted within an annular pho- 
todiode 212, with the photodlodes 210.212 being 
dimensioned such that their surface area is equal. The 
photodiodes 210,212 are connected to amplifiers 

50 220.222 which generate outputs P and Q, being the 
sum and difference respectively of signals generated 
from the photodiodes 210,212. 

[0033] Referring now additionally to Figs 6a and 6b, 
the signal profile of the P (sum) and Q (difference) out- 
55 puts with time as a tool traverses the light beam 12 are 
illustrated. It can be seen that the P output has a profile 
which is Initially at a relatively high level LI , correspond- 
ing to the signal output when the beam 12 is unoc- 
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eluded. As the tool begins to traverse the beam path, 
and thereby occlude the passage of the beam 12 to the 
photodetector 200, the signal level drops, until the 
detector 200 is entirely occluded, whereupon the signal 
drops to level L2. Further passage of the tool will result 5 
in the reverse of this process as the tool moves out of 
the beam path, and the signal level LI is once again 
attained. 

[0034] Referring now especially to Fig 6b, the Q (i.e. 
difference) output of the photodiodes is usually approxi- 10 
mately zero (subject to noise), because the photosensi- 
tive areas of the photodiodes 210,212 are substantially 
equal, and therefore when the entire photodetector 200 
is illuminated the magnitude of the output signals is cor- 
respondingly equal. As the passage of the tool through 75 
the beam 12 begins to occlude the photodetector 200, 
the intensity of light incident upon detector 21 2 starts to 
reduce in comparison to the amount incident upon 
detector 21 0 and thus the Q output starts to rise sharply 
to a peak value R1 . When exactly half of the light beam 20 
incident upon the photodetector 200 is occluded by the 
tool, the Q output will pass through zero, and this point 
T is the point at which a trigger signal Is emitted. Further 
passage of the tool through the light beam will cause the 
output to drop to its lower level R2, which corresponds 25 
to a condition in which photodiode 210 is entirely 
occluded but light is still incident on one side of photodi- 
ode 212. A similar condition is present as the tool 
moves out of the light beam, whereupon a further trig- 
ger signal T is generated. 30 
[0035] To prevent the generation of trigger signals 
when the output signals from the photodiodes 210,212 
are equal, but no variation in the Q output is taking place 
as a result of a toolsetting operation (i.e. noise fluctua- 
tions are causing the Q output repeatedly to pass 35 
through the threshold T) the P output is used to latch a 
trigger circuit (not shown) to be receptive to the genera- 
tion of a trigger signal only when the P output lies 
between the signal levels U1 and U2. It can be seen 
from Figs 6a and 6b that the thresholds U1 and U2 on 40 
the P output correspond to the maximum and minimum 
signal levels R1 and R2 on the Q output. 
[0036] An alternative arrangement for producing a 
trigger signal when 50% beam occlusion is detected will 
now be described with reference to Fig 7. In this 45 
arrangement the output of the photo detecting diode 40 
is passed to a variable gain amplifier 50 the output of 
which drives a display of five barcode LEDs 48 (see Fig 
1). 

[0037] The threshold level of the detector is set by a so 
threshold detector 52 to provide a trigger signal when 
the intensity of the light falling on it drops to fifty percent 
of the unobstructed light level. This and the use of the 
pinhole at the emitter and detector units has the advan- 
tage that tool measurements can be taken anywhere 55 
along the beam even though the beam expands. 
[0038] The maximum and threshold intensity levels 
are obtained during a set-up routine as follows: 
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[0039] When the laser is switched on Its output 
rises to a maximum level at which it Is stabilised by a 
high speed control system. The laser beam is then 
aligned with the detector unit, and the barcode LED dis- 
play provides an indication as to when proper alignment 
is achieved as described below with reference to graphs 
8a,8b and 8c. 

[0040] The bar code LEDs are preferably tri-colour 
LEDs which are an^nged, for example, to register all 
red at low amplifier output and all green when the ampli- 
fier output is maximum. 

[0041] The gain of the amplifier is set to maximum. 
As the light falling on the photodiode 40 increases as 
shown in graph 8a, its amplified output increases line- 
arly, sequentially illuminating the barcode LEDs. When 
the amplifier voltage exceeds ninety -five percent of its 
maximum range, and ail of the green LEDs are lit, the 
gain of the amplifier is reduced (see graph 8b). This 
reduces the number of green LEDs that are illuminated 
(see graph 8c), and allows the amplifier to receive a 
greater signal level. As the alignment process continues 
and all of the green LEDs are lit again, this time at a 
higher maximum signal, the gain Is once again reduced. 
The process continues reaching higher and higher sig- 
nal maxima until proper alignment is achieved. 
[0042] Once the correct alignment has been 
achieved and thus the maximum light level established, 
the light level is measured a plurality of times and the 
measurements averaged to provide a repeatable level. 
The dark level, i.e. the output of the detector when no 
laser light is incident upon it Is also measured in order to 
set the fifty percent threshold level required for the trig- 
ger signal. Using the fifty percent level as the trigger 
threshold ensures an accurate and repeatable trigger 
position regardless of the direction from which the tool 
enters the beam. 

[0043] Because the accuracy of the trigger signal 
depends on the accuracy with which the fifty percent 
light level is measured, if the beam is blocked when the 
device is switched on, it automatically defaults into set 
up mode. 

[0044] Otherwise, if the beam is not blocked when 
the device is switched on, the routine for measuring the 
maximum light levels and the dark level is enabled so 
that an accurate 50% level is established each time the 
device is switched on. Fig 1 0 illustrates this routine. 
[0045] If desired, the maximum light level and the 
dark level can be updated at intervals so that the fifty 
percent trigger level can be continuously updated. 
[0046] Although the laser is driven at a constant 
light level, the intensity of light reaching the detector is 
variable for a variety of reasons, for example, relative 
movement between the screen 42 and the detector 40, 
atmospheric variations, or laser mode hopping. Thus 
the amplifier is provided with automatic gain control 54 
to ensure that the resulting output provides the maxi- 
mum signal to noise ratio. 

[0047] It is also possible that the intensity of the 
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light beam varies across its width and a further advan- 
tage of using pinholes is that any variation in the inten- 
sity of light falling on the detector due to this cause is 
confined to the variation across the centre of the beam. 
[0048] Further refinements may be added to the 
electronics. For example coolant droplets could cause 
reductions of intensity in addition to that produced by 
obscuration of the beam due to the tool, and thus and 
give a false trigger signal. Since signal spikes due to this 
cause are of short duration, the electronic circuit may 
Include a timer which is re-set at the leading edge of 
each signal and if the signal is still there after a pre-set 
interval, for example, 5 milliseconds, it is assumed to be 
a genuine signal. 

[0049] Also noise on the output of the photodiode 
could give rise to early triggering as the tool enters the 
beam as explained below. 

[0050] Referring to Fig 10 it can be seen that if a 
noise spike reduces the apparent intensity adjacent the 
threshold level by an amount A, this gives rise to an 
error (e) in trigger position. Errors due to this cause can 
be eliminated if the noise intensity bandwidth is moni- 
tored, and a value of half of the bandwidth is applied to 
output signal to lower the threshold level. A similar prob- 
lem arises if the increasing intensity as the tool leaves 
the beam is used to obtain a second trigger signal, and 
a similar solution is applied to avoid this error. 
[0051] Further, since the LEDs of the bar graph 
array consume significant power, and thus heat up the 
detector array and cause errors, the electronic circuit 
may include a timer 56 which is arranged to pulse the 
power to the LEDs at a pre-selected mark-space ratio, 
so that they are switched on and off sufficiently rapidly 
to give good visibility with no flicker whilst ensuring that 
they are switched off for a significant part of the time. 
[0052] Finally a high speed tool breakage detection 
system has been included. 

[0053] When a tool is being replaced in its tool 
holder it is passed through the beam. The machine con- 
troller often does not have the ability to constantly mon- 
itor all of the Inputs it receives. The electronic circuit of 
the tool setter therefore includes a latch mode which is 
selected for tool breakage monitoring. In this mode the 
trigger signal produced by the tool breaking the beam is 
latched so that the signal can be detected during the 
next monitoring cycle performed by the controller. 
[0054] In a further novel refinement an electronic 
fuse is incorporated which provides protection for the 
interface against the outputs being wired up incorrectly, 
or any other cause of excessive current passing through 
the device. This is illustrated in Fig 11 to which refer- 
ence is now directed. 

[0055] The device is controlled by two microproces- 
sors A and B. When there is no signal generated from 
the device, microprocessor A received 0 (zero) volts, so 
that transistor T3 remains off and no current flows 
through resistors R2 and R3. Because of this, transistor 
T2 does not switch on and output C remains low. 



[0056] When a voltage for example more than 2 
volts is applied to A, transistor T3 switched on. Thus 
current flows through resistors R2 and R3, supplying 
current to transistor T2 which switches on and allows 

5 current to flow through resistor R4 and the Zener diode 
D1 so that the output C goes high. 
[0057] The sensor circuit comprises transistor T1 
and the microprocessor B. In the normal current state, 
for example, the voltage across R4 due to the current 

10 flow is less than 0.6 volts, transistor T1 does not switch 
on, no current flows through resistor R1 and the output 
to microprocessor B is low. 

[0058] When excessive current is produced in the 
circuit for any reason, so that the voltage across resistor 
15 R4 is greater than 0.6 volts, transistor T1 switches on, 
current flows through resistor R1 and the output to 
microprocessor B goes high. 

[0059] This output is monitored by the microproces- 
sor, which can be programmed to operate immediately 
20 and reduce the output of microprocessor A to a low 
value, giving a fast response fuse. Alternatively the 
microprocessor B can be programmed to provide a 
delay to accommodate quick current surges which are 
not critical. 

25 [0060] This type of fuse can be used, for example, 
to give a time delay characteristic during start up when 
current surges in the component are to be expected but 
to switch to fast blow when the circuit is stabilised. 
[0061] As an alternative to using microprocessors, 

30 a mono-stable or a set/re-set latch. 

[0062] Next, the embodiment according to Figs 12- 
14 will be described. 

[0063] The light emitting unit shown in Figs 13 and 
14 comprises a housing 300, containing a laser diode 

35 302 and a collimating lens 304. Thus, this embodiment 
uses a collimated beam of light, rather than a diverging 
beam. However, the beam is not focused, and therefore 
(once the beam has been aligned with the axes of the 
machine tool) toolsetting measurements are possible 

40 anywhere along the length of the beam. As previously, 
the diameter of the beam is about 1 mm or less. Conse- 
quently, there is no need for relatively large apertures to 
allow the beam to pass from the light emitting unit or into 
the light detecting unit. 

45 [0064] The laser diode 302 and lens 304 are 
mounted together in an adjustment unit 306. This is 
adjustably fastened to the housing 300, through a 
spherical bearing face 308. This is shown in the present 
embodiment as being a surface of the adjustment unit 

50 306, but could equally be a surface of the housing 300 
which mates with the adjustment unit. 
[0065] The adjustment unit 306 has adjusting 
screws 310. Using these, the optical axis along which 
the laser diode 302 and lens 304 project the laser beam 

55 may be adjusted through a small angle, both vertically 
and horizontally. 

[0066] The effect of this adjustment can be seen in 
Fig 14, This figure shows the light emitting unit 300 and 
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also the light detecting unit 320. It can be seen that the 
spherical bearing surface 308 is centred at a point 312, 
located along the path of the laser beam between the 
light emitting unit 300 and the detecting unit 320. Fig 14 
shows three possible beam paths 314, for three possi- 
ble adjustment positions of the adjustment unit 306, and 
all these possible paths pass through the point 312. 
[0067] Still referring to Fig 14, the toolsetting device 
is adjusted as follows. With the laser diode 302 emitting 
light, the detecting unit 320 is first adjusted both verti- 
cally (arrows 322) and horizontally so as to receive the 
laser beam. Next, the beam is probed at the point 312 
by a tool or other object 330 mounted in the machine 
tool spindle 332, The vertical and horizontal positions of 
the beam are noted at this point 312. 
For accurate toolsetting, it is necessary that the laser 
beam should be aligned with one of the axes of travel of 
the machine tool. To ensure this, the alignment of the 
beam must be adjusted so that, at a further position 
318, it is located at the same vertical and horizontal 
coordinates as at the position 312. Therefore, the tool 
330 is moved by the spindle 332 to the location 318, as 
indicated in broken lines, and the beam is again probed 
at this location 318. 

[0068] It is of course unlikely that the beam will have 
initially been correctly aligned, and consequently the 
horizontal and vertical coordinates of the beam at the 
location 318 will not agree with those taken at the point 
312. The adjustment unit 306 is therefore adjusted, 
using the screws 310, to realign the beam. Because the 
bearing surface 308 is centred on the point 312, it is 
assured that the beam will continue to pass through the 
point 312. Therefore, as the beam is adjusted, it is only 
necessary to re-probe it at the location 318, making fur- 
ther adjustments as necessary to align the beam with 
the machine axis. During these adjustments, of course, 
the detector unit 320 will be repositioned as necessary 
In order to capture the beam. 

[0069] The method of adjustment just described is 
considerably simpler as a result of the spherical bearing 
surface 308. This is because it is necessary to re-probe 
the laser beam only at the location 318 after each 
adjustment, and not to re-probe it at the location 312 
after each adjustment step. However, it is of course pos- 
sible if desired to re-probe at the position 312, as a final 
check after all the adjustment has been performed. 
[0070] It can be seen from Figs 12 and 13 that the 
adjustment unit 306 includes an exit conduit 340 for the 
laser beam. This is supplied with pressurised air, as 
previously. Also as previously, the conduit 340 is 
directed transversely or obliquely to the laser beam, so 
that the flow of air causes minimum disturbance to the 
beam as it propagates towards the detector unit 320. 
[0071] The pressurised air to the conduit 340 is 
supplied through passages in the front wall of the hous- 
ing 300, passing through an annular space 342 
between the adjustment unit 306 and the housing 300. 
As it does so, it Is in contact with a body part 344 of the 



adjustment unit 306, which is in thermal contact with the 
laser diode 302. This body part is made of a thermally 
conductive material such as aluminium, and acts as a 
heat sink. The result is that the pressurised air passing 

5 through the annular space 342 cools the laser diode. 
[0072] The adjustment unit 306 is provided with 
appropriate O-rings to seal the pressurised air, includ- 
ing an O-ring 346, and an O-ring 348. The O-ring 348 
seals between the housing 300 and the spherical bear- 

10 ing surface 308. The O-ring 346 provides sufficient flex- 
ibility to permit the tilting of the adjustment unit 306 
horizontally and vertically, while maintaining the seal. 
[0073] As in previous embodiments, the conduit 
340 need only be small, since the laser beam is unfo- 

15 cused and is itself collimated to a small diameter. The 
air consumption is therefore low. Since the pressurised 
air ensures that the conduit remains clean, a shutter 
over the conduit may not be needed, though one can be 
provided if desired. 

20 [0074] Of course, both in the embodiments of Fig 4 
and of Figs 12-14, it is possible to provide a transverse 
or oblique conduit leading to the photodetector in the 
detecting unit, and to keep it clean with pressurised air, 
in the same way as in the light emitting unit. 

25 [0075] The present invention has been described 
and Illustrated using a laser diode as a light source from 
which the light beam 12 is created. However, other 
forms of electromagnetic radiation may be employed, 
and any light source may be used to create the beam 1 2 

30 with the proviso that a sufficiently high luminosity may 
be obtained from the beam at the detecting unit 14. 

Claims 

35 1 . A position determination device for a machine utilis- 
ing coordinate positioning, the device comprising a 
light emitting unit (1 0) and a light detecting unit (14), 
the light emitting unit having a housing (36) within 
which a light source (30) is housed for emitting a 

40 light beam (12) which in use propagates towards 
the light detecting unit (14) which in turn includes a 
housing (46) having a light channel (24,104) 
located in register with the light beam, and a light 
detecting device (40) located substantially in regis- 

45 ter with the light channel (24,104) thereby to detect 
the light beam (12) propagating from the light emit- 
ting unit (14), characterised in that the light beam 
(12) is uncollimated such that the size of the result- 
ant spot formed on the detecting unit (14) is sub- 

50 stantially larger than the light channel (24,104) at 
the light detecting unit. 

2. A position determination device as claimed in claim 
1 characterised in that the housing of the light emit- 

55 ting unit has also a light channel (22,1 04). 

3. A position determination device as claimed in claim 
1 or claim 2 characterised in that the or at least one 
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of the light channels is fornied as an aperture. 

4. A position determination device as clainned in claim 

3 characterised in that the or at least one of the 
apertures is in the form of a conduit through which s 
pressurised air supplied to the or each housing may 
pass from the interior of the housing(s) to the exte- 
rior thereof. 

5. A position determination device as claimed in claim io 

4 characterised in that the or at least one of the con- 
duits extends transversely or obliquely to the gen- 
eral direction of propagation of the light beam. 

6. A position detennination device as claimed in any is 
preceding claim characterised in that the or each 
light channel or aperture has a cross-sectional area 

of O.Smm^ or less. 

7. A position determination device for a machine utilis- 20 
ing coordinate positioning, the device comprising a 
light emitting unit (1 0) and a light detecting unit (14), 

the light emitting unit having a housing (36) within 
which a light source (30) is situated, for emitting a 
light beam (12) which in use propagates towards 25 
the light detecting unit (14) which in turn includes a 
housing (46) and a light detecting beam to detect 
the light beam (12) propagating from the light emit- 
ting unit (14), characterised in that one or both of 
the housings include a light channel for the beam 30 
(12) in the form of a conduit through which pressu- 
rised air supplied to the or each housing may pass 
from the interior of the houslng(s) to the exterior 
thereof. 

35 

8. A position determination device as claimed in claim 
7 characterised in that the conduit extends trans- 
versely or obliquely to the general direction of prop- 
agation of the light beam. 
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